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SYSTEM FOR TRACKING AND TESTING
GENERATOR SETS USED IN CONJUNCTION

WITH TEMPERATURE CONTROLLED
CONTAINERS

BACKGROUND

The mvention relates to tracking and testing generator sets
used 1n conjunction with temperature controlled containers,
and particularly to a method of tracking and automatically
performing pre-trip inspections on generator sets prior to the
generator sets leaving a defined geographical area.

Containerized shipment of goods has become a widely
accepted means of transporting cargo around the world. Mod-
ern containers can be stacked on the decks of ships for ship-
ment overseas. When a container ship arrives at a port, the
containers can be efficiently removed from the ship by crane.
At the port, the containers can be stacked for further shipment
by truck or rail. When the containers are shipped by truck, a
single container 1s usually placed on a semi-trailer chassis.
Each rail car generally can support up to four containers.

When the cargo 1n the container 1s comprised of perish-
ables such as food stuils or flowers, the temperature in each of
the containers must be controlled to prevent loss of the cargo
during shipment. For shipments of perishable goods, special-
1zed containers have been developed which include tempera-
ture control units for refrigeration and/or heating. While on
board ship, the containers can be connected to a ship’s gen-
crator to provide power to the temperature control units.
When the containers are in port, they may be connected to a
power source provided by a local utility.

When, however, the containers are not provided with an
external power source generator sets must be provided to
power the temperature control units. For example, when the
containers are 1n transit by railcar, barge, or truck, generator
sets may be necessary. Such generator sets usually include a
prime mover and a generator for providing electric power to
the temperature control units. Such generator sets can be
clipped directly to a container or fastened to a trailer chassis.

The generator sets include components that over time, and
with extended use, become worn, broken, and/or require
maintenance. Thus, 1t 1s common for pre-trip inspections to be
performed to determine the operating status of the compo-
nents of the generator sets. These pre-trip inspections are
diagnostic inspections that include inspecting and testing
components of the generator sets with the aim of ensuring that
only generator sets that fulfill certain quality criteria are used
during an upcoming journey. These pre-trip mspections are
carried out by technicians in the field (e.g. ata depot or service
station) who manually mitiate and run the diagnostics tests on
the generator sets to determine whether the generator sets are
in satisfactory condition for continued use.

However, such inspections are time consuming and require
that a technician be available. Additionally, 1t 1s difficult to
keep track of which generator sets have undergone pre-trip
ispections and which have not, as well as to keep track of the
location and status of the generator sets 1n the field at all times.

SUMMARY

In one embodiment, the invention provides an automated
method for diagnostic testing of a generator set used 1n asso-
ciation with a refrigerated container for transporting cargo,
the generator set including a plurality of components. The
method includes determining whether the generator set has
entered a geo-fenced area, determining whether a pre-trip
ispection 1s due to be performed on the generator set, auto-
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2

matically performing a pre-trip ispection on the generator
set 1 the generator set 1s located within the geo-fenced area
and a pre-trip ispection 1s due to be performed, determining
whether the plurality of components 1s operating within
acceptable limits, and generating a satisfactory pre-trip
inspection report based on the plurality of components, such
that the generator set 1s approved for further use.

In another embodiment, the invention provides a generator
set system for use 1n association with a refrigerated container
for transporting cargo. The generator set system includes a
generator set including a prime mover and a generator, a
generator set telematics unit associated with the generator set,
the generator set telematics unit including GPS technology to
identify a geographical location of the generator set, a gen-
erator set controller associated with the generator set, the
generator set controller including a microprocessor, the gen-
erator set controller programmed to be 1n communication
with both the generator set and the generator set telematics
umt, the generator set controller programmed to automati-
cally perform a pre-trip mspection on the generator set while
the generator set 1s within a geo-fenced area.

In another embodiment, the invention provides a refriger-
ated cargo system including a container for transporting
cargo, a relrigeration system, and a generator set system. The
refrigeration system includes a refrigeration unit located on
or within the container, and a refrigeration unit controller that
includes a first microprocessor, the refrigeration unit control-
ler programmed to be in communication with the refrigera-
tion unit. The generator set system includes a generator set
including a motor and generator, and a generator set control-
ler that includes a second microprocessor, the generator set
controller programmed to be in communication with both the
generator set and the refrigeration unit controller, the genera-
tor set controller programmed to automatically perform a
pre-trip inspection on the generator set while the generator set
1s within a geo-fenced area.

Other aspects of the mvention will become apparent by
consideration of the detailed description and accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic representation of a temperature con-
trolled shipping container and generator set.

FIG. 2 1s a schematic representation of a communications
network for communicating between the container and gen-
erator set of FIG. 1, as well as with a remote server and web
site.

FIG. 3 1s a flow chart illustrating a method of tracking and
performing pre-trip inspections on the generator set of F1G. 1.

DETAILED DESCRIPTION

Belore any embodiments of the invention are explained 1n
detail, 1t 1s to be understood that the invention 1s not limited in
its application to the details of construction and the arrange-
ment of components set forth in the following description or
illustrated 1in the following drawings. The invention 1s capable
of other embodiments and of being practiced or of being
carried out 1n various ways. Also, 1t 1s to be understood that
the phraseology and terminology used herein 1s for the pur-
pose of description and should not be regarded as limiting.
The use of “including,” “comprising,” or “having” and varia-
tions thereol herein 1s meant to encompass the items listed
thereaiter and equivalents thereot as well as additional 1tems.
Unless specified or limited otherwise, the terms “mounted,”

“connected,” “supported,” and “coupled” and wvariations
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thereot are used broadly and encompass both direct and indi-
rect mountings, connections, supports, and couplings. Fur-
ther, “connected” and “coupled” are not restricted to physical
or mechanical connections or couplings.

FIG. 1 shows a shipping container 10 that i1s used for
transporting cargo of various types. The shipping container
10 1s made of steel and generally includes four side walls, a
top wall, and bottom wall. One of the side walls (not shown)
includes a door or set of doors that allow selective access to a
temperature controlled space inside the shipping container
10. In some embodiments, the shipping container 10 may
have more or less doors, may be made of material other than
steel, or may have other features as desired. A generator set 14
1s removably coupled to a proximal end 18 of the shipping
container 10. In some embodiments, the generator set 14 can
be removably coupled to other locations on the shipping
container 10, including but not limited to a distal portion 22,
a side portion 26, a top portion 30, or anywhere underneath
the shipping container 10. In some embodiments, the genera-
tor set 14 can be integrally formed with the shipping container
10.

Referring to FI1G. 2, the generator set 14 includes a prime
mover 34 and a generator 38. The generator 38 provides
power for a refrigeration umt 42, and 1s connected to the
refrigeration unit 42 via a power cord 46.

The generator set 14 1s removably attached to the shipping
container 10 such that the generator set 14 may be attached to
the shipping container 10 when required (e.g., during transit
on a train), and removed when the generator set 14 1s not
required (e.g., when being stored 1n a location where external
power 1s available). For example, while a shipping container
10 1s being stored at a shipping dock external power lines may
be available, such that the generator set 14 1s not necessary.
While 1n transit, for example on a rail or train, the generator
set 14 may be required to power one or more components.

The 1llustrated prime mover 34 1s a diesel engine that
includes an automatic starter and drives the generator 38.
With respect to this application, a generator 38 1s any electric
machine that converts mechanical energy into electric energy.
The illustrated generator 38 1s an AC generator that produces
a 50 hertz or 60 hertz alternating current output while the
prime mover 34 1s running. The generator 38 supplies elec-
tricity to any other system(s) that may be included in the
shipping container 10.

The generator set 14 communicates with a generator set
controller 50. The generator set controller 50 includes a
microprocessor. The generator set controller 50 1s pro-
grammed to control the operation of the generator set 14. For
example, the generator set controller 30 determines an oper-
ating status of the generator set 14 (i.e. “on” or “oil”). As
discussed further herein, the generator set controller 50 1s also
programmed to perform pre-trip mnspections on the generator
set 14 to determine whether components of the generator set
14 are operating within acceptable limits, and to provide a
pre-trip ispection report detailing whether the components
of the generator set 14 are operating within acceptable limats.
The generator set controller 50 1s also programmed to 1ndi-
cate whether one or more components of a generator set 50
are currently malfunctioming, and to iitiate an alarm 11 one or
more of the components are maltunctioning. The generator
set controller 50 1s coupled directly to the generator set 14,
though in other embodiments the generator set controller 50
can be coupled elsewhere.

With continued reference to FIG. 2, the generator set con-
troller 50 1s programmed to communicate with a generator set
controller antenna 34. The generator set controller antenna 54
sends and/or receives signals (e.g. commands) from one or
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more remote systems or components. The generator set con-
troller antenna 54 1s also coupled directly to generator set 14,
though 1n other embodiments the generator set controller
antenna 54 can be coupled elsewhere.

The generator set controller 50 1s further programmed to
communicate with a generator set telematics unit 58. The
generator set telematics unit 38 1s a GPS unit associated with
the generator set 14 that uses GPS technology to 1dentify a
geographic position of the generator set 14. Specifically, the
generator set telematics unit 38 communicates with a genera-
tor set telematics antenna 62. The generator set telematics
antenna 62 sends and/or recerves signals from a satellite 66,
which are then processed by the generator set telematics unit
58 to determine the geographical position of the generator set.
The generator set controller 50 sends commands to the gen-
crator set telematics unit 58 to determine a position of the
generator set 14 on a continuous basis, on an as-needed basis,
or in any other manner desired. Both the generator set
telematics unit 58 and generator set telematics antenna 62 are
coupled directly to the generator set 14, though in other
embodiments the generator set telematics unit 58 and genera-
tor set telematics antenna 62 can be coupled elsewhere.

Overall, an owner or operator of a plurality of generator
sets 14 can utilize the generator set telematics units 38 to
determine the exact geographical position of each of the
owner’s or operator’s generator sets 14. In turn, this can
provide the owner or operator with an indication of which
generator sets 14 are moving, which generator sets 14 are
stationary, as well as the directions of movement for each
generator set 14, the speed of movement of each generator set
14, and the number of generator sets 14 1n any given area at
any given time. As noted above, 1t 1s generally difficult to keep
track of the location and status of generator sets 1n the field in
order to elliciently manage a fleet of generator sets on a
continuous basis. For example, generator sets 14 often can
compile or build up in mventory over time 1n one location.
Additionally, while some generator sets 14 are in use with a
reirigerated shipping container 10, others might be
de-coupled from a reirigerated shipping container 10. By
incorporating generator set telematics units S8 on each of the
generator sets 14, the owner or operator can more efficiently
manage a fleet of generator sets 14 and ensure that the gen-
crator sets 14 are 1n the most advantageous locations and
conditions possible for eventual use with refrigerated ship-
ping containers 10.

With continued reference to FIG. 2, the refrigeration unit
42 provides conditioned air to the temperature controlled
space 1nside of the shipping container 10. The refrigeration
unit 42 1s formed as a part of the shipping container 10 and
includes a compressor, a condenser, and an evaporator 1n
series for producing the conditioned air. The refrigeration unit
42 conditions the air within the temperature controlled space
to a desired condition. In other embodiments, the refrigera-
tion unit 42 may include a heating system, an air-filtration
system, a spray system for ripening agents or other products,
or other components, as desired.

The refrigeration unit 42 communicates with a refrigera-
tion unit controller 70. The refrigeration unit controller 70
includes a microprocessor. The refrigeration unit controller
70 1s programmed to control the operation of the refrigeration
unit 42. For example, a set-point temperature may be selected
by a user and programmed 1nto the refrigeration unit control-
ler 70 such that the refrigeration unit 42 will operate to main-
tain the temperature within the temperature controlled space
insider the shipping container 10 at the setpoint temperature.
The refrigeration unit controller 70 1s coupled directly to the
refrigeration unit 42, though 1n other embodiments the refrig-
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eration unit controller 70 can be coupled elsewhere (e.g.
inside the cab or driving compartment of a truck for hauling
the shupping container 10).

The refrigeration controller 66 1s programmed to commu-
nicate with a refrigeration umt controller antenna 74. The
refrigeration umt controller antenna 74 sends and/or receives
signals (e.g. commands) from one or more remote systems or
components. The refrigeration unit controller antenna 74 1s
coupled directly to the refrigeration umt 42, though 1n other
embodiments the refrigeration unit controller antenna 74 can
be coupled elsewhere.

In the illustrated embodiment the refrigeration unit con-
troller 70 and generator set controller 30 are programmed to
communicate with each other via the refrigeration unit con-
troller antenna 74 and generator set controller antenna 54.
Thus, the refrigeration unit controller 70 and generator set
controller 50 can send signals and/or commands to one
another, such as to increase temperature, increase electrical
power output, etc.

With continued reference to FIG. 2, a remote server 78 1s
used to monitor the location of one or more generator sets 14,
and to transmit commands to one or more of the generator sets
14 associated refrigeration units 42. For example, the remote
server 78 communicates with a server antenna 82. The server
antenna 82 sends and/or recerves signals (e.g. commands)
from one or more remote systems or components. Specifi-
cally, the server antenna 78 sends and/or receives signals from
the generator set telematics antenna 62 regarding the geo-
graphical location of the generator set 14. The server antenna
78 also sends and/or receives signals from the generator set
controller antenna 54 regarding the operation of the generator
set 14 (e.g. requesting that the generator set 14 turn oil or on,
that the generator set 14 indicate i1ts position through the
generator set telematics antenna 62, that the generator set 14
perform a pre-trip mnspection, that an alarm be provided 1ndi-
cating that a component of the generator set 14 1s currently
malfunctioning, etc.). In some embodiments the generator set
controller antenna 54 can perform the functions of both the
generator set controller antenna 54 and the generator set
telematics antenna 62. Thus, the generator set controller 50
and generator set telematics unit 58 can utilize the same
antenna.

The central server 78 communicates with a web site 86.
The web site 86 permits the end user (1.e. the owner or opera-
tor of the generator sets 14) to visually access information
relating to the generator sets 14. For example, the web site 86
provides mformation regarding one or more of an alarm sta-
tus, power status, location status, and prime mover status of
cach of the generator sets 14. The web site 86 also provides
information regarding a last known communication of each
generator set 14 with the server 78. The web site 86 also
provides a map, updated in real time, showing the current
location of each generator set 14. If a generator set 14 1s
experiencing a malfunction 1n one of its components, the
generator set 14 1s 1llustrated 1n red on the map, representing
an alarm. If the generator set 14 1s not experiencing a mal-
function, the generator set 14 1s illustrated in green. Other
colors or indications are also possible. If the end user sees that
a generator set 14 1s marked 1n red, the end user can easily
identify the marked generator set 14 and 1ssue a command to,
for example, a driver of the truck carrying the container,
informing the driver to pull over into the nearest depot or
service station to have the generator set 14 repaired or
replaced, and/or mforming a technician that he or she waill
need to repair or replace the generator set 14. Alternatively,
the web site 86 1tself, in conjunction with the server 78 and

10

15

20

25

30

35

40

45

50

55

60

65

6

server antenna 82, can send a signal via the server antenna to
a depot or service station informing the technician of the
alarm.

The web site 86 also provides information regarding geo-
fenced areas. Geo-fenced arecas are pre-determined geo-
graphical zones that are mapped out on the web site 86. The
boundaries of these geographical zones are determined by the
end user of the web site 86. For example, the end user can
request a geo-fenced area that encompasses a depot or service
station owned by the end user. The boundaries of the geo-
tenced area can surround the depot or service station, and the
web site 86 can indicate to the end user which, 1f any, of the
end user’s generator sets 14 are located within that geo-
tenced area. This permits the end user to determine whether a
plurality of generator sets 14 are 1n transit (1.e. out of the
geo-fenced areas) or are near a depot or service station (1.e.
within the geo-fenced area). While an end user may select
depots or service stations as the primary source for generation
of geo-fenced areas, other areas or locations can also be used.
For example, the end user could select any number of differ-
ent areas or locations across the map on the web site 86 to set
up geo-fenced areas.

The web site 86 provides the end user with information
(both visual on the map and 1n list form) of the location and
status of the generator sets 14. The web site 86 further pro-
vides information regarding the date and time when each
generator set 14 last entered a particular geo-fenced area, a
date and time when each generator set 14 last exited that same
geo-fenced area, and a duration time 1ndicating how long a
particular generator set 14 has been 1nside of the geo-fenced
area. Thus, the end user 1s easily able to monitor the entry and
exit of generator sets 14 into and out of the pre-determined
geo-fenced area. Additionally, the web site 86 further pro-
vides information regarding whether a particular generator
set 14 1s outside of the geo-fenced area and approaching the
boundary of a geo-fenced area (1.¢. 1n the process of entering
the geo-fenced area), whether a generator set 14 1s mside of
the geo-fenced area and approaching the boundary of the
geo-fenced area (1.e. 1 the process of exiting the geo-fenced
area), or whether the generator set 14 1s idle within the geo-
fenced area (1.e. not moving at all).

The web site 86 also provides information regarding the
last time a pre-trip 1nspection has been performed on the
generator set 14. For example, the web site 86 indicates the
date and time of the last pre-trip inspection performed on each
generator set 14.

The information provided on the web site 86 1s obtained
initially via one or more of the generator set controller 50 and
the generator telematics unit 58. This information 1s sent to
the server antenna 82 from one or more of the generator set
controller antenna 54 and generator set telematics unit
antenna 62. This data 1s sent from the generator set controller
antenna 54 and generator set telematics unit antenna 62 1n
data packets via a cellular network, though other networks or
methods of transmission are also possible (e.g. satellite). In
some embodiments the server antenna 82 also receives data
from the refrigeration unit controller antenna 74. The data
from the refrigeration unit controller antenna 74 1s provided
by the refrigeration unit controller 20, and can correspond to
a status, for example, of the refrigeration unit 42, and/or
alarms being experienced by the refrigeration umt 42. Once
any data 1s recerved by the server antenna 82, this data 1s
transierred via the internet to the web site 86 such that the data
can be displayed on the web site 86 for use by the end user.

With reference to FIGS. 2 and 3, the generator set control-
ler 50 1s programmed to determine whether 1ts associated
generator set 14 1s located within a geo-fenced area and
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whether the generator set 14 has recently undergone a pre-trip
inspection (“PTT7). If the generator set 14 1s located within
the geo-fenced area and has not recently undergone a pre-trip
inspection, the generator set controller 50 1s programmed to
initiate and complete a pre-trip inspection prior to the gen-
crator set 14 leaving the geo-fenced area. This programming
of the generator set controller 50 helps ensure that each gen-
crator set 14 1s ready for an upcoming journey (€.g. a Cross-
country journey), and that any pre-trip inspection 1s com-
pleted prior to the beginning of that journey. As noted above,
generator sets 14 often get worn out or require maintenance
after a long trip. While real-time alarm statuses indicating
tailure of particular components can help alleviate the prob-
lems of generator set wear, 1t 1s also advantageous to have a
complete pre-trip inspection performed prior to a long jour-
ney. This pre-trip inspection involves a diagnostic inspection
of a multitude of components to make sure that not only are
the components not maltunctioning, but that they are in con-
dition for a long journey. Advantageously, a generator set 10
will then be able to survive an entire trip without alarm or
tailure 11 the generator set 10 has passed a pre-trip inspection.
Generator sets 10 which have not passed the pre-trip inspec-
tion and need maintenance and repair can be identified
beforehand and 1f necessary can be taken out of service.

While pre-trip mspections can be completed within a geo-
fenced area that encompasses a depot or service station, they
can also be completed 1n other geo-fenced areas. Thus, the
pre-trip inspections described herein are capable of being
performed automatically, without the need for a technician,
and without the need for manual control. This autonomous
teature advantageously allows pre-trip imnspections to be per-
formed at any given geo-fenced area, regardless of whether a
technician 1s present or not. Specifically, a pre-trip inspection
can be performed immediately at the site of cargo delivery 1f
desired, thus enabling the end user to 1dentity whether the
generator set 10 1s ready to make a second trip, or return trip,
to another location without having to wait for the generator
set 10 to arrive at a depot or service station.

Referring to FIG. 3, 1n operation the generator set control-
ler 50 executes a method 90. The generator set controller 50
first determines a geographical location of the generator set
14 1n block 94. This determination of geographical location 1s
accomplished via GPS technology. For example, the genera-
tor set controller 50 sends a signal or command to the gen-
crator set telematics unit 58. The generator set telematics unit
58 then sends at least one signal, via the generator set telemat-
i1cs antenna 62, to the remote satellite 66, which in turn sends
at least one signal back to the generator set telematics antenna
62. This relay of signals between the generator set telematics
antenna 62 and the remote satellite 66 pinpoints a geographi-
cal location of the generator set 14. The geographical location
information recewved by the relay of signals between the
generator set telematics antenna 62 and the remote satellite 66
1s sent to the generator set telematics unit 38. The generator
set telematics unit 58 then relays geographical location infor-
mation on to the generator set controller 50, which 1n turn
processes and/or stores the geographical location information
of the generator set 14 via 1ts microprocessor. While the
location determination described above 1s described in the
context of GPS technology, other technology can also be used
to determine a location of the generator set 14, including but
not limited to cellular technology. Additionally, while the
method described above for determining location of the gen-
erator set 14 involves relaying signals between a generator set
controller 50, generator set telematics unit 58, generator set
telematics antenna 62, and a remote satellite 66, in other
embodiments the generator set controller 50 and generator set
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telematics unit 58 may comprise a single unit. Additionally, in
some embodiments both the generator set controller 50 and
the generator set telematics unit 38 may each comprise a
microprocessor for processing geographic location informa-
tion. Other variations are also possible.

With continued reference to FIG. 3, after determining the
geographic location of the generator set 14 1n block 94, the
generator set controller 50 then determines whether the gen-
erator set 14 1s located within a geo-fenced area 1n block 98.
As described above, the end user sets up one or more geo-
fenced areas. These geo-fenced areas are displayed on the
web site 86, such that the end user can visually determine
whether or not a particular generator set 14 1s located within
the geo-fenced area at any given time. Information regarding,
the geo-fenced areas (e.g. boundaries, size, etc.) 1s stored on
the server 78. Alternatively, or additionally, information
regarding the geo-fenced areas 1s already stored on the micro-
processor of the generator set controller 50. Thus, the server
78 can send a signal to the generator set controller 50 when a
generator set 14 1s 1n the geo-fenced area (1.e. by sending a
signal from the generator set controller antenna 54 to the
server antenna 82), or the generator set controller 50 can load
or retrieve information already stored on the generator set
controller 50 regarding the geo-fenced areas. In some
embodiments, once the generator set controller 530 has 1nfor-
mation both regarding a current geographical location of the
generator set 14 and the geo-fenced areas, the generator set
controller 50 then compares the information and makes a
determination as to whether or not the generator set 14 1s
within a geo-fenced area or not.

In some embodiments, the decision block 98 can 1nstead
include a determination by the generator set controller 50 of
whether the generator set 14 1s in the process of entering a
geo-fenced area, rather than whether the generator set 14 1s
within the geo-fenced area. A determination of whether the
generator set 14 1s in the process of entering the geo-fenced
area can be made for example by utilizing data regarding the
geographic location of the generator set 14. Specifically, the
generator set controller 30 can obtain at least two sets of data
(c.g. Irom the web site 86 and/or generator set telematics unit
58) regarding the geographic location of the generator set 14
over a pre-determined time 1nterval to determine the relative
movement of the generator set 14, and specifically the direc-
tion of movement. The generator set controller 50 can be
programmed to process the data regarding the geographic
location information of the generator set 14 to determine
whether the generator set 14 1s moving towards and/or cross-
ing a boundary of the geo-fenced area, thus indicating that the
generator set 14 1s entering the geo-fenced area. In some
embodiments, the web site 86 1tself can be configured to send
a signal to the generator set controller 50 (1.e. via the server
antenna 82 and one or more of the generator set controller
antenna 54 and generator set telematics antenna 62) to indi-
cate that the generator set 14 1s entering a geo-fenced area.

With continued reference to FIG. 3, if the generator set
controller 50 determines that the generator set 14 1s not
located within the geo-fenced area 1n block 98, the method
returns back to block 94, at which time the generator set
controller 50 again determines the geographical location of
the generator set 14. The generator set controller 50 can be
programmed to perform the operation of block 94 on a con-
tinuous basis. That 1s, every time the generator controller 50
determines that the generator set 14 1s not located within a
geo-fenced area, the generator set controller 50 can immedi-
ately check again on the geographic location of the generator
set 14. Alternatively, the generator set controller 30 can be
programmed to include a delay between each time the gen-
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erator set controller 50 determines the geographic location of
the generator set 14. For example, 11 1n block 98 the generator
set controller 50 determines that the generator set 14 1s not
located within the geo-fenced area, the generator set control-
ler 50 can wait approximately one hour, two hours, twelve
hours, or any other desired time 1nterval, before the generator
set controller 50 again determines the geographic location of
the generator set 14.

If the generator set controller 50 determines that the gen-
crator set 14 1s located within the geo-fenced area 1n block 98,
then the generator set controller 50 proceeds to determine, in
block 102, whether a pre-trip inspection has recently been
performed. Specifically, the generator set controller 50 deter-
mines either whether a pre-trip inspection has been per-
formed on the generator set 14 within the last 30 days. In other
embodiments, the generator set controller 50 can determine
whether a pre-trip inspection of the generator set 14 has been
performed within the last 10 days, within the last 20 days,
within the last 40 days, within the last 50 days, or any other
number of days desired by the owner or operator of the
generator set 14. In yet other embodiments the generator set
controller 50 can determine whether a generator set 14 has
recently been performed by determiming whether a pre-trip
inspection has been performed since the last time the genera-
tor set 14 entered the geo-fenced area.

With continued reference to FIG. 3, 1f the generator set
controller 50 determines that the generator set 14 has under-
gone a pre-trip inspection within the last 30 days, the method
returns back to block 94, at which time the generator set
controller 50 again determines the geographical location of
the generator set 14. As noted above, this repeat of block 94
can be delayed. For example, the generator set controller 50
can be programmed such that at least a predetermined period
of time must elapse between each subsequent determination
of the geographic location of the generator set 14. Thus,

regardless of whether the method moves from block 98 back
to block 94, or from block 102 back to block 104, the genera-
tor set controller 50 will wait the pre-determined time period
before a determination 1s made again about the geographic
location of the generator set 14.

If the generator set controller 50 determines that the gen-
crator set 14 has not undergone a pre-trip imspection within
the last 30 days, the generator set controller 50 then mitiates
a pre-trip mspection, as shown 1n block 106. As noted above,
the pre-trip mspection 1s a diagnostic inspection that exam-
ines various components of the generator set 14 to determine
whether the generator set 14 1s ready for continued use 1n an
upcoming journey.

Specifically, the pre-trip inspection nitiates a test of the
clectrical, prime mover, and alternator systems components
of the generator set 14. The pre-trip mspection includes per-
torming the followings steps, in order: 1) stopping the prime
mover 34; 2) testing a buzzer on the generator set controller
50; 3) testing a display on the generator set controller; 4)
testing an o1l level switch; 5) testing an o1l pressure switch; 6)
testing a coolant temperature sensor; 7) testing a coolant
level; 8) testing a speed solenoid relay; 9) testing a preheat
relay; 10) testing a fuel hold relay; 11) testing a fuel pull relay;
12) testing a tuel level; 13) testing a start relay; 14) testing an
output voltage; 15) starting the engine; 16) determining
whether the output voltage 1s acceptable; 17) testing the o1l
pressure switch; and 18) testing the speed solenoid high and
low. While various steps are listed above, 1n other embodi-
ments the number or type of steps can vary. Thus, the pre-trip
ispection can be varied or altered as desired, and pro-

grammed 1nto the generator set controller 50.
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With continued reference to FIG. 3, after mitiating the
pre-trip mspection, the generator set controller 50 determines
in block 110 whether the pre-trip inspection 1s complete. The
generator set controller 50 can immediately begin this deter-
mination after the pre-trip inspection has been mitiated, or the
generator set controller 50 can be programmed to wait a
pre-determined time prior to first determining 1n block 110
whether the pre-trip inspection 1s complete. For example, the
generator set controller 50 can be programmed to automati-
cally wait 15 minutes before the generator set controller 50
proceeds to block 110 and determines whether the pre-trip
inspection 1s complete.

If the generator set controller 30 determines that the pre-
trip inspection 1s complete, the method returns to block 94, at
which time the generator set controller 50 again determines
the geographical location of the generator set 14. As noted
above, 1n some embodiments the generator set controller 50
can be delayed, such that a pre-determined time period must
clapse between any two successive determinations of the
geographic location of the generator set 14. Thus, once the
generator set controller 30 determines that the pre-trip inspec-
tion 1s complete, 1 some embodiments a delay will occur
anytime before the generator set controller 50 again deter-
mines the geographical location of the generator set 14.

If 1n block 110 the generator set controller 50 determines
that the pre-trip inspection 1s not complete, the generator set
controller 50 then proceeds to determine, in block 114,
whether the generator set 14 1s leaving the geo-fenced area. A
determination of whether the generator set 14 1s leaving the
geo-fenced area includes utilizing data regarding the geo-
graphic location of the generator set 14. Specifically, the
generator set controller 50 obtains at least two sets of data
(e.g. from the web site 86 and/or generator set telematics unit
58) regarding the geographic location of the generator set 14
over a pre-determined time 1nterval to determine the relative
movement ol the generator set 14, and specifically the direc-
tion of movement. The generator set controller 50 1s pro-
grammed to process the data regarding the geographic loca-
tion mnformation of the generator set 14 to determine whether
the generator set 14 1s moving towards a boundary of the
geo-fenced area, thus indicating that the generator set 14 1s
leaving the geo-fenced area. In some embodiments, the web
site 86 1tsell can be configured to send a signal to the genera-
tor set controller 50 (1.e. via the server antenna 82 and one or
more of the generator set controller antenna 34 and generator
set telematics antenna 62 ) to indicate that the generator set 14
1s leaving a geo-fenced area.

If the generator set controller 50 determines that the gen-
crator set 14 1s not leaving the geo-fenced area (e.g. the
generator set 14 1s stationary), the method returns to block
110, and the pre-trip ispection continues.

If the generator set controller 50 determines that the gen-
erator set 14 1s leaving the geo-fenced area, the generator set
controller 50 provides a warning to a driver, captain, engineer,
or other person 1n charge of the vehicle or vessel carrying the
generator set 14 as indicated 1n block 118. Specifically, the
generator set controller S0 can send a signal, via the generator
set controller antenna 354, to a remote recerver (e.g. 1 the cab
of a truck that 1s hauling the shipping container 10 and gen-
crator set 14). Alternatively, the generator set controller can
send a signal, via the generator set controller antenna 54 or via
the generator set telematics antenna 62, to the server antenna
82. The signal can then be sent through the server 78 to the
web site 86, where the end user can visually see that a gen-
crator set 14 1s leaving the geo-fenced without the pre-trip
ispection having been completed. The end user can then
notily for example a vehicle driver, or anyone else the end
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user desires, 1 order to ask the driver to wait until the pre-trip
inspection has been completed belfore the generator set 14
leaves the geo-fenced area.

Requiring that a driver, for example, wait until the pre-trip
ispection has been completed ensures that the generator set
14 1s fully inspected prior to the beginning of any long journey
across country. Additionally, 1n cases where the geo-fenced
areas surround depots or service stations, 1t ensures that the
vehicle remains close to a depot or service station throughout
the completion of the pre-trip ispection, such that in the
event the pre-trip inspection identifies a component that needs
fixing or replacement (or 1dentifies that the entire generator
set 14 needs replacement), the driver will be within short
distance of a facility that can complete that repair or replace-
ment. This creates an efficient system and method of imnspect-
ing, repairing, and/or replacing generator sets 14, and limiting
the risk of generator sets 14 breaking down or requiring repair
during the middle of a long journey.

Overall, the systems and methods described above efii-
ciently keep track of generator sets 14 as they enter and exit
geo-fenced areas, and inhibit the likelihood of damaged or
worn generator sets 14 (e.g. those that may not survive
another journey) from being used again 1n the field. Addition-
ally, because the pre-trip inspections are performed automati-
cally, and without the use of a technician or any manual
control, the pre-trip inspections can be performed at any hour
of the day, and on any day of the year, without the burden of
waiting for a technician to arrive on site to perform the testing.
This provides even greater etficiency and control of a fleet of
generator sets 14.

In some embodiments, a technician can still be involved
with one or more aspects of the pre-trip inspection. For
example, a technician can be used to 1spect certain compo-
nents of the generator set 14, or can be used to “double check™
the pre-trip mspection performed by the generator set con-
troller 50. Even with the use of a technician, however, the
method 1llustrated for example in FIG. 3 still permaits the end
user to monitor and track the positions of the generator sets
14, and advantageously permits the end user to ensure that
cach generator set 14 undergoes a pre-trip inspection before 1t
leaves a designated geo-fenced area.

What 1s claimed 1s:

1. An automated method for diagnostic testing of a genera-
tor set used 1n association with a refrigerated container for
transporting cargo, the generator set including a plurality of
components and a generator set controller, the method com-
prising:

the generator set controller determining whether the gen-

crator set has entered a geo-fenced area;
the generator set controller determining whether a pre-trip
inspection 1s due to be performed on the generator set;

the generator set controller performing a pre-trip inspec-
tion on the generator set when the generator set control-
ler determines that the generator set 1s located within the
geo-fenced area and a pre-trip mspection 1s due to be
performed;

determining whether the plurality of components 1s oper-

ating within acceptable limits; and

generating a pre-trip mspection report based on the plural-

ity ol components.

2. The method of claim 1 wherein determiming whether the
generator set has entered the geo-fenced area comprises uti-
lizing a generator set telematics unit associated with the gen-
erator set to recerve and/or send signals via satellite to a
remote server.

3. The method of claim 2 wherein determiming whether the
generator set has entered the geo-fenced area further com-
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prises connecting the server to a user-accessible web site to
permit an end user to view, 1n real time, the location of the
generator set on the user-accessible web site.

4. The method of claim 3 wherein the geo-fenced area 1s a
geographically mapped area viewable on the user-accessible
web site.

5. The method of claim 1 wherein determining whether a
pre-trip ispection 1s due comprises determining whether a
pre-trip 1nspection has been performed on the generator set
since the generator set has last entered the geo-fenced area
including determining a last entry date of the generator set
into the geo-fenced area.
6. The method of claim 5 further comprising displaying the
last entry date on a user-accessible web site.
7. The method of claim 1 wherein automatically perform-
Ing a pre-trip mspection comprises running a diagnostic test
of at least one of an o1l level switch, an o1l pressure switch, a
coolant temperature sensor, a coolant level, a speed solenoid
relay, a preheat relay, a fuel hold relay, a fuel pull relay, and a
tuel level corresponding to the generator set.
8. The method of claim 7 wherein the pre-trip inspection 1s
performed entirely by the generator set controller associated
with the generator set, without manual operation.
9. The method of claim 1 further comprising determining,
whether the pre-trip 1nspection 1s complete, determining,
whether the generator set 1s leaving the geo-fenced area, and
informing a driver 1 the pre-trip inspection 1s not complete
and the generator set 1s leaving the geo-fenced area, so as to
inhibit the driver from leaving the geo-fenced area until the
pre-trip mspection 1s complete.
10. A generator set system for use 1n association with a
reirigerated container for transporting cargo, the generator set
system comprising:
a generator set comprising a prime mover and a generator;
a generator set telematics unit associated with the genera-
tor set, the generator set telematics unit comprising GPS
technology to identily a geographical location of the
generator set,
a generator set controller associated with the generator set,
the generator set controller comprising a microproces-
sor, the generator set controller programmed to be in
communication with both the generator set and the gen-
crator set telematics unit, the generator set controller
programmed to:
determine whether the generator set has entered a geo-
fenced area;

determine whether a pre-trip inspection 1s due to be
performed on the generator set;

perform a pre-trip mspection on the generator set when
the generator set 1s located within the geo-fenced area
and a pre-trip 1nspection 1s due to be performed.

11. The generator set system of claim 10 wherein the gen-
erator set controller 1s programmed to perform the pre-trip
inspection prior to the generator set leaving the geo-fenced
area, and wherein the pre-trip ispection can be performed
entirely by the generator set controller, without manual
operation.

12. The generator set system of claim 10 wherein the gen-
erator set controller 1s programmed to determine a last entry
date of the generator set into the geo-fenced area, and to
determine whether a pre-trip inspection has been performed
on the generator set since the last entry date.

13. The generator set system of claim 10 wherein the pre-
trip 1inspection comprises running a diagnostic test of at least
one of an o1l level switch, an o1l pressure switch, a coolant
temperature sensor, a coolant level, a speed solenoid relay, a
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preheat relay, a tuel hold relay, a fuel pull relay, and a fuel
level corresponding to the generator set.

14. The generator set system of claim 10 further compris-
ing a generator set controller antenna and a generator set
telematics antenna.

15. The generator set system of claim 10 wherein the gen-
erator set microprocessor 1s programmed to store information
relating to previous locations and pre-trip inspection reports
for the generator set, and to direct transmission of the infor-
mation relating to previous locations and pre-trip mnspection
reports to a remote server for display on a user-accessible web
site.

16. A refrigerated cargo system comprising:

a container for transporting cargo;

a refrigeration system comprising:
a refrigeration unit located on or within the container;
and
a relrigeration unit controller that includes a first micro-
processor, the reifrigeration unit controller pro-
grammed to be in communication with the refrigera-
tion unit;
a generator set system comprising:
a generator set comprising a motor and generator; and
a generator set controller that includes a second micro-
processor, the generator set controller programmed to
be 1n communication with both the generator set and
the refrigeration unit controller, the generator set con-
troller programmed to:
determine whether the generator set has entered a geo-
fenced area:
determine whether a pre-trip ispection 1s due to be
performed on the generator set;
perform a pre-trip mspection on the generator set when
the generator set 1s located within the geo-fenced area
and a pre-trip 1nspection 1s due to be performed.
17. The refrigerated cargo system of claim 16 further com-
prising a generator set telematics umt comprising GPS tech-
nology to i1dentity a geographical location of the generator
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set, the generator set controller programmed to be in commu-
nication with the generator set telematics unit.

18. The refrigerated cargo system of claim 16 further com-
prising a refrigeration unit controller antenna, a generator set
controller antenna, and a generator set telematics antenna.

19. The reirigerated cargo system of claim 16 wherein the
generator set controller 1s programmed to perform the pre-trip
inspection prior to the generator set leaving the geo-fenced
area.

20. The refrigerated cargo system of claim 16 wherein the
pre-trip ispection comprises running a diagnostic test of at
least one of an o1l level switch, an o1l pressure switch, a
coolant temperature sensor, a coolant level, a speed solenoid
relay, a preheat relay, a fuel hold relay, a fuel pull relay, and a
tuel level corresponding to the generator set.

21. The reirigerated cargo system of claim 16, turther
comprising a remote server and a user-accessible web site, the
remote server in communication with the generator set sys-
tem so as to provide information regarding the generator set to
the web site for user display.

22. The refrigerated cargo system of claim 16, wherein the
generator set microprocessor 1s programmed to store infor-
mation relating to previous locations and pre-trip inspection
reports for the generator set, and to direct transmission of the
informationrelating to previous locations and pre-trip inspec-
tion reports to a remote server for display on a user-accessible
web site.

23. The refrigerated cargo system of claim 16, wherein the
pre-trip inspection can be performed entirely by the generator
set controller, without manual operation.

24. The reirigerated cargo system of claim 16, turther
comprising a power cord extending between the refrigeration
system and the generator set system for directing electrical
power from the generator set to the refrigeration unit.

25. The refrigerated cargo system of claim 16, wherein the
generator set comprises a diesel motor, and the refrigeration
unit comprises a condenser assembly and an evaporator
assembly.
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